The key and fundamental purpose of sampling over successive waves lies in the varying nature of study character, it so may happen with ancillary information if the time lag between two successive waves is sufficiently large. Keeping the varying nature of auxiliary information in consideration, modern approaches have been proposed to estimate population mean over two successive waves. Four exponential ratio type estimators have been designed. The properties of proposed estimators have been elaborated theoretically including the optimum rotation rate.Cost models have also been worked out to minimize the total cost of the survey design over two successive waves. Dominances of the proposed estimators have been shown over well-known existing estimators. Simulation algorithms have been designed and applied to corroborate the theoretical results.
Introduction
Real life facts always carry varyingnatures which are time dependent. In such circumstances where facts change over a period of time, one time enquiry may not serve the purpose of investigation since statistics observed previously contain superannuated information which may not be good enough to be used after a long period of time. Therefore surveys are being designed sophistically to make sure no possible error gets a margin to escape at least in terms of design. For this longitudinal surveys are considered to be best since in longitudinal surveys, facts are investigated more than once i.e. over the successive waves, Also a frame is provided for reducing the cost of survey by a partial replacement of sample units in sampling over successive waves. Jessen (1942) is considered to be the pioneer for observing dynamics of facts over a long period of time through partial replacement of sample units over successive waves. The approach of sampling over successive waves has been made more fruitful by using twisted and novel ways to consider extra information along with the study character. Enhanced literature has been made availableby Patterson (1950) , Narain (1953) , Eckler (1955) , Sen(1971 Sen( , 1972 Sen( , 1973 , Gordon (1983) , , Arnab and Okafor (1992) , Feng and Zou (1997) , Biradar and Singh (2001) , Singh and Singh (2001) , Singh (2005) , Singh and Priyanka (2006 , 2007 , 2008 , Singh and Karna (2009) , Singh and Prasad (2010) , Singh et al. (2011) , Singh et al. (2013) , Bandyopadhyay and Singh(2014) , Priyanka and Mittal (2014) , , Mittal (2015a, 2015b) etc.
It has been theoretically established that, in general, the linear regression estimator is more efficient than the ratio estimator except when the regression line y on x passes through the neighbourhood of the origin; in this case the efficiencies of these estimators are almost equal. Also in many practical situations where the regression line does not pass through the neighbourhood of the origin, in such cases the ratio estimator does not perform as good as the linear regression estimator. Here exponential type estimators play a vital role in increasing the precision of the estimates.Motivated with this idea we are aspired to develop unexampled estimators for estimating population mean over two successive waves applying the concept of exponential type ratio estimators. In this line of work, an attempt has been made to consider the dynamic nature of ancillary information also because as the time passes by, not only the nature of study variable changes but the nature of ancillary information also varies with respect to time in many real life phenomenon where time lag is very large between two successive waves.
For example, in a social survey one may desire to observe the number of females human trafficked from a particular region, the number of girls child birth may serve as ancillary information which is completely dynamic over a period of 8-10 years of time span. Similarly in a medicinal survey one may be interested to record the number of survivors from a cancerous disease, here the number of successfully tested drugs for the disease may not sustain to be stable over a period of 10 or 20 years. Likewise, in an economic survey the government may like to record the labor force, the total number of graduates in country may serve as an ancillary character to the study character but it surely inherent dynamic nature over a period of 5 or 10 years. Also in a tourism related survey, one may seek to record the total income (profit) from tourism in a particular country or state. In this kind of survey, total number of tourists visiting to the concerned place may be considered as the auxiliary information as communications and transportations services have emerged drastically to enhance the commutation of people from one place to another.
So such situations cannot be tackled considering the ancillary character to be stable since doing so will affect the final findings of the survey. Keeping the drawback of such flaws in consideration, this work deals in bringing modern approaches for estimating population mean over two successive waves.Four estimators have been habituated with a fine amalgamation of completely known dynamic ancillary information with exponential ratio type estimators.Their properties including optimum rotation rate and a model for optimum total cost have been proposed and discussed. Also detailed empirical illustrations have been done by doing a comparison of proposed estimators with well-known existing estimators in the literature of successive sampling. Simulation algorithms have been devised to make the proposed estimators work in practical environment efficiently.
Survey Design and Analysis

Sample Structure and Notations
.. , U be the finite population of N units, which has been sampled over two successive waves. It is assumed that size of the population remains unchanged but values of units change over two successive waves. The character under study be denoted by x (y) on the first (second) waves respectively.
It is assumed that information on an ancillary variable   
The second set of estimators is based on sample of size m common to both occasion and is   
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Further, substituting the values of the mean squared errors of the estimators defined in equations (14)- (17) in equation (18) 
Cost Analysis
The total cost of survey design and analysis over two successive waves is modelled as: waves, the cost of investigating a single unit involved in the survey sample should be greater than before (at previous occasion) since as time passes by different commodities (software) and services (human resources, daily wages and conveyance) become expensive so the cost incurring at second occasion increases in a considerable amount. Also the average cost of investigating a retained unit from previous wave should be lesser than investigating a freshly drawn sample unit since survey investigator as well as respondent has some experiences from the previous wave. (37) are dependent on the value of n. Therefore, if a suitable guess of n is available, it can be used for obtaining optimum total cost of the survey by above equation. However, in the absence of suitable guess of n, it may be estimated by following Cochran (1977) .
Efficiency Comparison
To evaluate the performance of the proposed estimators, the estimators   i j i, j=1, 2 Ť at optimum conditions, are compared with the sample mean estimator n y , when there is no matching from previous wave and the estimator Ŷ due to Jessen (1942) 
and the fraction of sample to be drawn afresh for the estimator Table 1 . 
Generalized study based on correlation coefficients andoptimum total cost model
To validate the proposed cost model, a hypothetical survey design has been assumed in which various choices of correlation coefficient and different input costs have been considered over two successive waves. 
Monte Carlo Simulation
Monte Carlo simulation has been performed to get an overview of the proposed estimators in practical scenario through considering different choices of n and μ for better analysis.
Following set has been considered for the simulation study Set I: n = 20, μ = 0.15, (m = 17,u = 3).
Simulation Algorithm
Choose 5000 samples of size n=20 using simple random sampling without replacement on first wave for both the study and auxiliary variable.
(ii) Calculate sample mean , , , μ , μ , μ and μ decrease, which in accordance with Sukhatme et al (1984.) b) As the correlation between study and ancillary information is increased, the percent relative efficiencies increase and the proposed estimators perform Ť performs best in terms of sample drawn afresh at current occasion.
e) As a result, it is also observed that the proposed estimators are working efficiently even for low and moderate correlation values of study and dynamic auxiliary variable on both the occasions.
Results based on Cost Analysis
a) Theoretically, it is expected that if auxiliary and study variable possess high correlation then this should contribute in reducing the total cost of survey. It is quite evident from the cost analysis that the optimum total cost of the survey decreases for increasing correlation between study and ancillary character.
b) The estimator 21 22 and ŤŤ requires the least total cost for the survey at the current occasion and they both are good in terms of efficiency as well. Table 3to Table 7 , it can be seen that the proposed estimators   i j i, j=1, 2 Ť are efficient over nŷ and Y for the considered set.
Simulation Results
a) From
b) Also in simulation study, it is observed that the estimator 22 Ť is most efficient over the estimators n y andŶ for the considered set.
Ratiocination
The entire detailed generalized and simulation studies attest that accompanying dynamic ancillary character with the study character certainly serves the purpose in long lag of two successive waves. The proposed estimators   i j i, j=1, 2 Ť prove to be worthy in terms of precisionas compared to the estimators n y and estimator due to Jessen (1942 
